Abstract We present the paleoecological development of a rich fen located in the dune area on the SE Baltic coast, during the last 7500 years. The Apšuciems Mire hosts rare and endangered plant communities in Europe, such as Schoenus ferrugineus and Cladium mariscus. Analysis at highresolution of plant macroremains in two peat cores was carried out to reconstruct local vegetation succession and fluctuations in moisture availability on the peatland, while a pollen record was developed to reconstruct plant succession, moisture variability and human activity at the regional scale. Based on the presence or the absence of macroremains of plants that occur in wet habitat e.g. Cladium mariscus, Schoenoplectus tabernaemontani, Alisma plantago-aquatica and Botrycoccocus we distinguished four wet periods ca. 6000, 2000, 1750-1550, 1200-150 cal yr. BP and four dry periods (ca. 7000, 4600-4200, 1800-1750, 1550-1200 cal yr. BP) in the peatland's development. A water level increase at 1200 cal yr. BP triggered the development of plant communities containing Chara sp., Schoenoplectus tabernaemontani, then Cladium mariscus. Our study shows a link between climate change at the regional scale and vegetation development in Apšuciems Mire. We showed that changes in vegetation structure during last 150 years was caused by drainage and human activity.
Introduction
Rich fens are one of the most important wetland ecosystems due to their high species-richness and unique species composition (Grootjans et al. 2006) . The development of rich fens depends on minerotrophic water; these ecosystems receive nutrients from the soil, rock and groundwater as well as from rainfall. Generally, waterlogged, rich fens are more speciesrich than poor fens and bogs and are mainly dominated by sedges (e.g. Carex, Cladium, Schoenus) and bryophytes (e.g. Campylium, Scorpidium, Calliergonella) (Slack et al. 1980; Rydin et al. 1999; Hájek et al. 2006) . Unfortunately, many former fens have been drained and converted for agricultural use (Joosten and Clarke 2002) . Presently many of these peatlands are being restored with modern management methods (Keddy 2010; van Diggelen et al. 2015) .
Knowledge of the history of rich fens is important for the development of effective management strategies to protect or restore these habitats, as well for prediction of the impact of ongoing climate change on vulnerable plant communities (Pakalne and Kalnina 2005) . Presently, in the evaluation of the status of the protected areas, questions such as Bwhat is natural?^, Bwhich species are native?^and Bhow do we protect these ecosystems?^ (Feurdean et al. 2009; Willis and Bhagwat 2010; Lamentowicz et al. 2015) are increasingly being posed. Palaeoecological studies are helpful for understanding the long-term development of protected habitats, thus clarifying the questions mentioned above (Seddon et al. 2014) .
Many rich fens in Europe are under protection, but unfortunately, knowledge about their development over centuries or millennia is still poor. In contrast to palaeoecological research, many studies focusing on various aspects of recent rich fens e.g. ecology, distribution of plants and restoration have been carried out (Salmina 2004; van der Hoek et al. 2004; Mälson and Rydin 2007; van Diggelen et al. 2015) . Multi-proxy paleoecological studies aiming to reconstruct the development of rich-fens in response to past climatic changes in Europe were conducted at the Stążki rich fen in the lowlands of northern Poland ) and in Male Bielice, a mountainous area in the Western Carpathians . Previous palaeobotanical studies (plant macroremains and pollen) of poor fen peatlands in coastal dune areas in the southern Baltic Sea coast in Poland showed that their development was associated with Baltic Sea level changes (Tobolski 1987) . In the eastern part of the Baltic coast, high-resolution analyses of plant macroremains have mainly targeted boreal raised bogs (Sillasoo et al. 2007 (Sillasoo et al. , 2011 Väliranta et al. 2007 ) and dealt with postglacial palaeoenvironmental changes including tree migration, climatic events, human impact and peat accumulation (Amon et al. 2010; Ozola et al. 2010; Veski et al. 2012; Kalnina et al. 2015; Stankevica et al. 2015; Stivrins et al. 2016) .
For example, Holocene palaeoclimatic reconstructions based on pollen data in Latvia show that summer temperatures during the Holocene Thermal Maximum (HTM, 8000-4000 cal yr. BP) were 2.5°C higher than the modern value and that these temperatures were warmer than in Central Europe and Scandinavia (Heikkilä and Seppä 2010) . From ca. 4000 to 2600 cal yr. BP a gradual cooling was detected (Heikkilä and Seppä 2010) . Palaeoclimatic reconstructions (plant macrofossil data, testate amoebae analysis, peat humification) in the Baltic Sea region (Estonia), documented an increase in bog surface wetness at c. 3100, 3010, 2990, 2300, 1750, 1610, 1510, 1410, 1110, 540 and 310 cal yr. BP, and during four longer periods between c. 3170 and 2850 cal yr. BP, 2450 and 2000 cal yr. BP, 1770 and 1530 cal yr. BP and 880 cal yr. BP to the present. (Sillasoo et al. 2007) .
Here, for the first time in this part of Europe, we document the long-term development of a rich fen from the Latvian Baltic coastal dunes over the last ca. 7500 years. Our study is based on high-resolution, contiguous plant macroremains combined with pollen analysis of two cores from Apšuciems Mire. Specifically, we aim to: i) reconstruct the factors that have impacted on the development of rich fen throughout time; ii) define the variability over the last 1200 years in local vegetation development by using two parallel peat cores as replicates; and iii) reconstruct the history of the Cladium mariscus community, the most abundant species in the rich fen. This approach is rarely employed in palaeoecological studies (Lamentowicz et al. 2011; Gałka and Lamentowicz 2014) , but it is crucial for validation for paleoenvironmental interpretations, especially for testing the impact of recent climate change on the local vegetation in various parts of peatland (Charman et al. 1999) .
A particular concern of our study is Cladium mariscus, which is a rare, endangered, and vulnerable plant in rich fens. Cladium mariscus and the habitat type 7210* Calcareous fens with Cladium mariscus are currently subject to legal protection in the European Union and listed on Annex I of the Council Directive on the conservation of natural habitats and of wild fauna and flora. Studies on Cladium mariscus have usually focused on two aspects. Some dealt with the description of its modern environment i.e. Eggers (1994); Salmina (2004) ; Buczek (2005) ; Theocharopoulos et al. (2006) , whilst others were concerned with its palaeoecology (Balátová-Tuláćková 1991; Gałka and Tobolski 2011, 2012; Pokorný et al. 2010; Hájková et al. 2013) , because it was observed to be a good indicator of climate changes (Berglund 1968; Walter and Straka 1970) .
The Study Site
The study area Apšuciems Mire (57°3``7.5492 N, 23°19``7.8708 E) is located on the south-western coast of the Gulf of Riga at the very southern end of the Engure Plain, where the Coastal Lowland is narrow and represented by the Baltic Ice Lake accumulative plain (Fig. 1) . This mire has developed in a depression in the coastal area due to the raising of the water level during the Littorina Sea transgression (Kalnina et al. 2012) . After the sea basin regression, a long spit of sands formed between Apšuciems Mire and the Gulf of Riga. Initially this occurred as a large underwater bar, which later appeared above water and was covered by parallel dune ridges separating the depression basin from the open sea (Eberhards and Saltupe 2000), reaching up to 8.9 m a.s.l. The highest elevation of Apšuciems Mire itself reaches a maximum of 6.6 m. The relief at the western margin of Apšuciems Mire was formed under the conditions of the shallow coastal zone of the Baltic Ice Lake, where glaciolimnic sandy sediments with an admixture of pebbles and gravel accumulated closer to the coast (Juškeviès et al. 1999) . The lowest layer of the Quaternary deposits is formed by thin (1-2.5 m) Weichselian reddish clayey till with boulders on the top of this layer (Juškeviès et al. 1999) . The thickness of the Quaternary deposits (mainly sand and clayey sand) in the study area does not exceed 20 m and it is underlain by Upper Devonian Amata Formation sandstones.
Our study site is under the influence of maritime climate. The mean temperature in the Engure Plain is -4°C in January and 16.5°C in July, and mean annual temperature is 6.3°C. The annual precipitation is 600-700 mm. The frost-free period is 143-160 days (Strautnieks 1995) .
The study area Apšuciems Mire is a nature reserve and is included in the Natura 2000 network in Latvia (Natura 2000 code LV0531400 , 2) Male Bielice , 3) Stążki (Lamentowicz et al. 2011) , 4) Gązwa (Gałka and Lamentowicz 2014) , 5) Bagno Kusowo (Gałka et al. 2014a ), 6) Kluki (Tobolski 1987) , Lake Linówek (Gałka et al. 2014b ), 8) Lake Burtnieks (Ozola et al. 2010) , 9) Lake Raigastvere (Seppä and Poska 2004) , 10) Lake Ruila (Seppä and Poska 2004) , 11) Mazais Svētiņu bog, Latvia (Stivrins et al. 2014) , 12) Lake Kojle (Gałka 2014) , 13) Männikjärve bog, Estonia (Sillasoo et al. 2007 ), 14) Iso Lehmalampi Lake (SarmajaKorjonen 2001), 15) Kłocie Ostrowieckie (Gałka and Tobolski 2011) , 16) Valea Mori (Gałka, unpublic data) , 17) Rzecin , 18) Bagno Serebryskie (Buczek 2005) Schoenoplectus tabernaemontani, Carex panicea, Potentilla erecta, Carex elata, Succisa pratensis, Parnassia palustris, Utricularia intermedia, Primula farinosa and Sesleria caerulea. In the moss layer Campylium stellatum, Scorpidium cossonii, Scorpidium scorpioides and Fissidens adianthoides occur commonly in various amounts. Small hummocks (5x5m) with Sphagnum warnstorfii, Sphagnum papillosum and oligotrophic species such as Drosera rotundifolia are occasionally found in the rich fen. Fire scars dated 15-20 years ago are visible on Pinus sylvestris in the south-eastern part of the mire.
Materials and Methods

Field Work
Two peat cores were extracted using a Russian-type peat corer from the centre of the Cladium mariscus populations. One complete 235-cm core (APS I) was extracted in the western part and a second 100-cm core (APS II) in the central part of the peatland. The coordinates of the sampling and drilling sites are as follows: Core APS I 57°3``14.6591 N, 23°18``56.7612E and Core APS II 57°3``13.94994 N, 23°18``57.0708E. The cores were transported to the laboratory and stored at 4°C in a cold room. They were then subsampled in 1-cm intervals for plant macrofossils analysis and at 5-cm intervals for pollen analysis.
In our study, we use the term rich fen in accordance with the European Nature Information System habitat classification (EUNIS, http://www.eunis.eea.europa.eu/) and rich fens are assigned to the type BD4.1. Rich fens, including eutrophic tall-herb fens and calcareous flushes and soaks^ (Davies et al. 2004) .
The nomenclature of vascular plants follows Gavrilova and Šulcs (1999) while for bryophytes it follows Hill et al. (2006) .
Laboratory Work
Chronology
Four AMS (Accelerator Mass Spectrometry) radiocarbon dates measured on selected terrestrial plants at the Poznań Radiocarbon Laboratory were used to generate the age-depth for the core APS I. For the APS II core, one AMS date was obtained to define the time of the reappearance of Cladium mariscus as the dominant plant in the upper part of this core and to determine whether this event was synchronous to that from core APS I core (Table 1 ). The calibration of the radiocarbon dates and the construction of the age-depth were performed with OxCal 4.1 software (Bronk Ramsey 2009) and the IntCal13 curve (Reimer et al. 2013 ) applying a P_Sequence function with a k parameter of 1 cm −1 and 1-cm resolution. The most distinct changes in the peat composition, which might be a signal of changes in the peat accumulation rate, were introduced using the Bboundary^command (Fig. 2) . The modelled age is expressed as calibrated, calendar years before present (cal yr. BP) where present equals 1950 AD.
Plant Macrofossils Analysis
Plant macrofossils were analysed at 1-cm intervals in contiguous samples of approximately 10-12 cm 3 , totalling of 335 samples. The samples were washed and sieved under a warmwater current using 0.20-mm mesh screens. Initially, the entire sample was analysed with a stereoscopic microscope. In this way, the percentage of individual fossils of vascular plants and brown mosses was obtained. The fossil carpological remains and vegetative fragments (leaves, rootlets, epidermis) were identified using identification keys (Smith 2004; Velichkevich and Zastawniak 2006, 2008) and were compared to recent collection materials. The volume percentages of the different vegetative remains and the mosses were estimated to the nearest 5 % Lamentowicz et al. 2013 Lamentowicz et al. , 2015 Feurdean et al. 2015) . The numbers of seeds, fruits, needles, bud scales and leaves were counted separately. Macroscopic charcoal pieces were also counted during plant macrofossils analysis, and their presence in the sediments provides information of past fire occurrence (Mooney and Tinner 2011; Robin et al. 2013 ). The volume proportion of amorphous organic matter was estimated during sieving, which serves as a measure of peat decomposition ). The ecological requirements of several key plant species (Ellenberg et al. 1991; Zarzycki et al. 2002) were used to distinguish wet and dry phases in the peatland development.
Pollen Analysis
For pollen analysis, samples of 1 cm 3 were taken every 5 cm. The sediment samples were treated with 10 % KOH and then acetolysed following the protocol of Berglund and RalskaJasiewiczowa (1986) . 353 (core APS I) and 513 (core APS II) pollen grains of trees, shrubs and upland herbs were counted on average in each sample. No pollen counts are available for the bottom part of core APS II (70-100 cm) and at depth 65 cm in core APS I, because the grains were heavily corroded. The basis for calculating the pollen percentages is the terrestrial pollen sum. Percentages of pollen and spores of Polypodiaceae and aquatic plants were calculated based on a total sum including terrestrial pollen and their own sums. Pollen indicators of human activity were distinguished according to Behre (1981) and van der Linden and van Geel (2006) and include pollen types of cultivated field (Cerealiatype, Secale, Triticum-type, Fagophyrum) and the rise in herbaceous pollen types associated with pastures/meadows and ruderals (Plantago lanceolata, Artemisia, Asteraceae, Urtica, Rumex acetosa-acetosella). The results of pollen, plant macroremains and charcoal records (Figs. 3 and 4) , were presented in the form of diagrams drawn with the C2 graphics program (Juggins 2003). 
Results
Chronology and Lithology
In core APS I, the lowermost part of the sediment (from 235 to 230 cm) consists of sand with highly decomposed peat. From 230 to 80 cm, highly decomposed (decomposition up to 80 %) herbaceous-wood peat developed, with remains of brown mosses (Calliergonella cuspidata and Scorpidium cossoni) between 125 and 105 cm. Moderately decomposed herbaceous peat was found above 80 cm. From 68 cm Cladium mariscus epidermis roots appeared and from ca. 50 cm brown mosses were recorded abundantly. In core APS II, highly decomposed herbaceous-wood peat accumulated between 100 and 53 cm. From 53 cm to the surface of the rich fen herbaceous-brown moss peat developed.
The age-depth model for core APS I was constructed based on four radiocarbon dates (Fig. 2) . In the bottom part of the APS I core (235 to 165 cm), the peat accumulation rate was very low and there is also the possibility of hiatuses. However, the radiocarbon age of 6090 ± 40 BP at depth 214 cm may prove that the peat accumulation process in Apšuciems Mire started at ca. 7500 cal yr. BP. Therefore, a reliable depth-age model could only be constructed for the top 165 cm peat layer which accumulated during last 1850 years, with a rate of peat accumulation of 0.88 mm year −1 . However, based on the increase of Picea pollen percentages from 5 % at 185 cm to ca. 20 % at 190 cm in the core APS I (Fig. 4A) we expect that this peat layer (185-190 cm) could be accumulated sometimes between 4600 and 4200 cal yr. BP. This is because a massive spread of Picea was documented around this time in the Baltic countries (Stivrins et al. 2014; Kabailienė et al. 2015) .
Plant Macrofossils
Based on the analysis of plant remains, three phases in local vegetation development were visually delimited at Apšuciems Mire: core APS I, western part (Fig. 3) .
APS I-ma-1 (235-158 cm), ca. 7500-1800 cal yr. BP
In the bottom part of this phase Carex pseudocyperus, Filipendula ulmaria and Mentha aquatica were the dominant species. Picea abies needles were found between 184 and 196 cm and Alnus glutinosa fruits between 210 and 230 cm. Rare occurrences of Cladium mariscus and Scirpus sylvaticus were noted during this phase. In the upper part of this zone an increased abundance of Typha seeds was recorded. APS I-ma-2 (158-77 cm), ca. 1800-1300 cal yr. BP Abundant occurrence of Carex pseudocyperus and Schoenoplectus tabernaemontani was encountered in this zone, particularly towards the upper part. C. mariscus was present. Among tree species, a few remains of Picea abies, Alnus glutinosa and Betula sec. Alba were found. One charcoal piece was present.
APS I-ma-3 (77-0 cm), ca. 1300--62 cal yr. BP Valleriana officinalis and brown mosses were the dominant plant species in the bottommost part. Numerous seeds of Cladium mariscus, oospores of Chara sp. and fruits of Schoenoplectus tabernaemontani were also recorded. Around 30 cm and 10 cm respectively, there was an increase of Myrica gale macroremains. Charcoal pieces (max. piece size ca. 2 mm 3 ) were found throughout this period. The abundance and diversity of tree macroremains declined, with only Betula sect. Alba showing a constant presence during this time interval. Three phases of local vegetation development were visually delimited at core APS II, taken from the central part of the Apšuciems Mire (Fig. 4) .
APS II-ma-1 (100-57 cm)
This zone was poor in plant macrofossil remains, with only a few Cladium mariscus seeds found at 86 and 96 cm.
APS II-ma-2 (57-22 cm)
Numerous seeds of Cladium mariscus and oospores of Chara sp. alongside two species of Schoenoplectus: S. lacustris and S. tabernaemontani were recorded in this zone. In the bottom part remains of Calliergonella cuspidata were found. Sporadic remains of trees including Pinus sylvestris, Alnus glutinosa and Betula sec. Alba were also recorded throughout this zone. In the upper part macrocharcoal pieces (max. size ca. 2 mm 3 ) were found.
APS II-ma-3 (22-0 cm) Cladium mariscus, Carex flava agg., Schoenoplectus tabernaemontani and Myrica gale were dominant in the upper part of the sediment profile. Calliergonella cuspidata was also present.
One charcoal piece (size ca.1 mm 3 ) in the upper most section was noted.
Pollen Records
Based on the results of pollen analysis, four phases in regional and local vegetation development were visually delimited at Apšuciems Mire, core APS I (Fig. 5A) .
APS I-po-1; 220-192.5 cm, ca. 7500-~4600-4200 cal yr. BP This zone was characterised by an abundant occurrence of boreal tree taxa including Alnus, Betula, Pinus, and Picea. Temperate tree taxa such as Ulmus, Tilia, Quercus and Corylus avellana also occurred with significant pollen percentages. Among herbaceous plants, there was a high amount of pollen of Poaceae (40 %), Apiaceae and Rosaceae. Small percentages of anthropogenic indicators, including Cerealia Artemisia, Chenopodiaceae, Rumex acetosa-acetosella and Urtica were also recorded. Pollen of Cyperaceae as well as spores of aquatic plants (Sparganium) and Polypodiales were abundantly recorded in this zone, whereas pollen of Cladium mariscus was found intermittently (Fig. 5) .
APS I-po-2; 192.5-122.5 cm, ca.~4600-4200-1750 cal yr. BP Pinus (40 %) and Picea abies (30 %) became the dominant tree taxa in this zone, however, other boreal taxa such as Alnus (20 %), and Betula also show conspicuous pollen percentages. Compared to the previous period, the proportion of herbaceous plants, particularly Poaceae, anthropogenic indicators as well as spores of Polypodiales, declined markedly. Cladium mariscus was absent in the first part of this zone but reappeared towards the end of this zone (140 cm, 1750 cal yr. BP).
APS I-po-3; 122.5-67.5 cm, 1750-1200 cal yr. BP Pinus (60-70 %) and Picea abies (37 %) remained the most abundant tree taxa. There was a significant decline in the pollen percentages for Alnus, Betula and Corylus, whereas woody taxa that show increased abundances were Quercus, Salix and Juniperus. Among herbaceous communities, Poaceae and Polypodiales became most common and there were also higher frequencies of anthropogenic indicators such as Artemisia, Brassicaceae and cultivated plants (Cerealia). Cladium mariscus was constantly present in this zone (up to 5 %), whereas most of aquatic taxa disappeared (Fig. 5A) .
APS I-po-4; 67.5-0 cm, 1200--62 cal yr. BP Pinus maintained its dominance in the forest, and there was also a significant rise in the proportion of Betula, whereas the percentages of other boreal tree taxa i.e., Picea abies and Alnus declined. Temperate taxa (Quercus, Carpinus, Ulmus, Tilia) showed an increased abundance between 1200 and 250 cal yr. BP, but declined markedly thereafter (Fig. 5A) . Pollen abundance and diversity of cultivated (Cerealia, Secale, Triticum, Fagopyrum) weeds (Centaurea cf. cyanus), ruderals and grazed (Plantago lanceolata, Chenopodiaceae, Rumex acetosa-acetosella,) fields increased. Polypodiales declined dramatically at the beginning of this zone, while Cyperaceae, Carex and Cladium mariscus and aquatic plants and alga (Botrycoccocus) became more abundant.
Two phases in regional and local vegetation development were visually delimited at Apšuciems Mire, core APS II, central part (Fig. 5B) .
APS II-po-1; 65-47.5 cm
The dominant species during this period were Pinus and Picea abies. There was also a high amount of pollen of Poaceae and spores of Polypodiales.
APS II-po-2; 47.5-0 cm Pinus remained the dominant tree taxa, whereas there was a significant decline in pollen frequencies of Picea abies. Pollen percentages of Betula and Alnus fluctuated markedly. Pollen indicators of human activity such as Secale and Cerealia occurred constantly in this zone. Pollen frequencies of Cyperaceae, Carex and Cladium mariscus and spores of the alga Botrycoccocus increased.
Discussion
Drivers of Rich Fen Development between ca. 7500 and 1200 Cal Yr. BP
The following discussion deals with the development of the rich fen based on plant macrofossil and pollen records and the relationship with past climate as a main driver of rich fen development and changes in local hydrological conditions between ca. 7500 and 1200 cal yr. BP. We distinguish four hydro-climatic stages in the development of Apšuciems Mire (Fig. 6 ).
Hydrological Disturbances (Wet Shifts and Droughts) (APS I 235-137 Cm), ca. 7500-1750 Cal Yr. BP
The Apšuciems Mire developed in a depression in the coastal dune area probably after the position of water level on the mire increased at ca. 7500 cal yr. BP, due to the Littorina Sea transgression. This pattern of a rise in the sea level was previously documented in other parts of the Latvian Baltic Sea coast (Kalnina et al. 2012) . The beginning of peat accumulation at 7500 cal yr. BP could be connected with more humid climate conditions in this region, as documented by a higher lake level in mid-European lakes (Magny 2004 ) and in NE Poland (Gałka et al. 2014b ) between 7550 and 7250 cal yr. BP. The first stage in the plant succession was composed of Carex pseudocyperus, Scirpus sylvaticus, and Filipendula ulmaria, species that are typical of lake, pond or river margins (Streeter et al. 2009 ). The additional occurrence of aquatic plants i.e., Potamogeton and Sparganium could indicate a higher water level than at present (Fig. 6) . The appearance of Cladium mariscus (seed and pollen) is recorded at ca. 5000-5500 cal yr. BP (Fig. 6) . Cladium mariscus usually occurs in wet habitats such as rush zones of lakes and in pools of calcareous fens (Salmina 2004; Gałka and Tobolski 2012; Hájková et al. 2013) . Myrica gale, which is also a wet habitat indicator (Skene et al. 2000) , was one of the first plants to grow on the peatland together with Cladium mariscus. Our fossil data are consistent with recent observations of Myrica gale cooccurrence with Cladium mariscus communities (Skene et al. 2000; Salmiņa 2003) . Both Cladium mariscus and Myrica gale are species with oceanic climate distribution and grow at the eastern limit of their distribution range in E Europe (Hulten and Fries 1986) . However, Myrica gale was found earlier in the fossil records than Cladium mariscus in Latvia i.e. at 11,500-10,200 cal yr. BP, at Lake Burtnieks (Ozola et al. 2010) .
The spread of Picea abies sometimes between 4600 and 4200 cal yr. BP is documented by increased of macro-remains and pollen percentages up to 20 % (Fig. 6) . A pattern of increasing population size of Picea abies at ca. 4600-4200 cal yr. BP was widely recorded in the Baltic countries e.g., at Lake Raigastvere and Lake Ruila in Estonia (Seppä and Poska 2004) , and Mazais Svētiņu bog in Latvia (Stivrins et al. 2014 ) and this was connected with a cooling climate trend after 4500 cal yr. BP (Heikkilä and Seppä 2003; Seppä and Poska 2004) . A change towards cooler conditions from ca. 4350 cal yr. BP has been beneficial for the development of Picea abies, and was also detected in north-eastern Poland, where abundant spruce macroremains (needles, bud scales) were found at Lake Linówek and Lake Kojle (Gałka 2014; Gałka et al. 2014b ). The accumulation of sand in the core APS I from 188 to177 cm (ca. 4500 cal yr. BP), may indicate an increase in wind erosion in the dune area. The decline in frequencies of herbaceous plants and Polypodiales may indicate increased role of trees in local vegetation communities and increase of tree density in forest. Furthermore, the abundant presence of Picea in the forest could have lead to increased soil acidity (Birks 1986) , which affected the composition of plant communities.
In the period from 7000 to 4600-4200 cal yr. BP we noted a thin peat layer (depth 200-212 cm), which accumulated in wet conditions, as documented by the presence of spores of microalga Botrycoccocus, Pediastrum borianum and pollen of Potamogeton (Fig. 5) . The occurrence of Cladium mariscus, Mentha aquatica and Alisma plantago-aquatica carpological findings in this layer also support a high water table during this period. However, a low peat accumulation rate between 7000 and 4600-4200 cal yr. BP (235-190 cm) and the possibility of hiatuses indicate rather dry conditions during this period (Fig. 6 ). This overall dry period could be linked to the Holocene thermal maximum (HTM), which in NW Europe was characterised by warm and dry conditions (Birks and Seppä 2010; Heikkilä and Seppä 2010) . As such a reduced groundwater, lake levels and increase of peat decomposition in peatlands was documented at numerous sites from NW Europe during HTM (Sohar and Kalm 2008; Terasmaa 2011; Berbeco et al. 2012; Edvardsson et al. 2012; Stivrins et al. 2014) .
At ca. 1850 cal yr. BP, a temporary increase in the occurrence of planktonic microalgae Botryococcus together with the appearance of Typha angustifolia and Alisma plantagoaquatica in the local plant communities suggest a high water table (Fig 6) . Typha angustifolia can grow in deeper water in comparison to Alisma plantago-aquatica, which can also grow on mud (Streeter et al. 2009 ), whereas the presence of Botryococcus remains in the sediments have been associated with open water and thermal conditions (Kołaczek et al. 2015) . We suggest that the blooming of Botryococcus around 1850 cal yr. BP could be connected with a warmer climatic phase of the Roman Period (Büntgen et al. 2011) . Our findings of a wet phase at 1850 cal yr. BP are consistent with data presented by Kalnina et al. (2015) , who found inter-dune peatlands in the north-western coastal area of Latvia. A higher fen surface wetness at this time was documented in Männikjärve bog (Sillasoo et al. 2007 ) and in Mazais Svētiņu bog (Stivrins et al. 2014 ).
Wet Stage (APS I 137-98 Cm), ca. 1750-1550 Cal Yr. BP
The re-appearance of Botrycoccocus, Cladium mariscus and Schoenoplectus tabernaemontani between 1750 and Fig. 6 Comparison of selected curves of palaeobotanical data with climatic events 1550 cal yr. BP indicates increased wetness on the Apšuciems Mire. Wet conditions are also suggested by the development of plant communities with Calliergonella cuspidata and Scorpidium cossoni. Both species are typical of wet, mineral-rich habitats and are common in calcareous wetlands or rich fens (Hedenäs 2003) . This may be connected to cooler and moister climatic conditions during the Migration Period (Büntgen et al. 2011 ). This period is marked by distinctive changes in the forest composition such as increased abundance of Betula, decreased of Picea, and the first occurrence of Juniperus populations. Forest disturbances and greater landscape openness at our study site may be connected with human impact as documented by the presence of Cerealia and Plantago lanceolata pollen (Fig. 5 ). An episodic decline in the abundance of Picea around 1600 cal. yr. BP linked to human activity was documented in Mazais Svētiņu bog (Stivrins et al. 2014) .
Dry Stage (APS I 98-68 Cm, APS II 85-52), ca. 1550-1200 Cal Yr. BP
The decrease in fen surface moisture between 1550-1200 cal yr. BP is visible in both cores through the disappearance of wet indicators such as Botryococcus, Schoenoplectus tabernaemontani, Cladium mariscus and Chara sp. (Fig. 6) . During this time, a massive spread of Polypodiales, probably of Thelypteris palustris, took place. Thelypteris palustris is common in different fen and tall sedge communities, including those with Cladium mariscus (Salmiņa 2003) . This species was noted after hydrological disturbances after fire (Hájková et al. 2012) . Support for disturbance by fire at this time is the increase in charcoal abundance as well as changes in the proportion of trees i.e., a decline in Betula, Alnus and an increased in Pinus and Picea abies (Fig. 6 ). Enhanced local fire activity during this time interval may also indicate decreased moisture availability (Fig. 6) . Evidence of a warm and dry climate condition in Europe between 1500 and 1200 cal yr. BP is the low water level in Mid-European lakes (Magny 2004) and Finland (Sarmaja-Korjonen 2001) . On the other hand, these changes in forest structure towards a more open character and the presence of macrocharcol could also signal human impact. Evidence of human activity were detected earlier since the Mesolithic in Latvia (Kalnina et al. 2004; Stivrins et al. 2016) , but pollen of cultivars (Secale cereale) in this region were only detected around 1500 cal yr. BP (Stivrins et al. 2014) . Similarly, the first record of pollen of Secale cereale in NE Poland was around 1500 cal yr. BP (Gałka et al. 2014b) , which support the interpretation of increased role of humans on the vegetation composition since ca. 1500 cal yr. BP in this region.
Variability in Local Vegetation Development during Last 1200 Years Based on two Replicated Cores (ii) with Focus on the History of the Cladium mariscus Communities (iii)
A significant increase of the water level in the Apšuciems Mire can be documented after 1200 cal yr. BP in both cores. Hydrological changes including a rising water table in Apšuciems peatland at 1200 cal yr. BP were visible in pollen record by the decreases abundance of spores of Polypodiales, the appearance of Botrycoccus, increased Cladium mariscus and Myrica gale pollen (Fig. 5) . This surface mire conditions likely trigged the development plant communities with Cladium mariscus, Schoenoplectus tabernaemontani, Scorpidium cossonii, and Myrica gale (Figs. 3, 4 , and 6, phase D), species that remained abundantly represented in the recent vegetation of the peatland. The presence of Cladium mariscus and Chara sp. in the wettest part of rich fens, spring fens as well as in shallow lakes was also recorded in Poland (Buczek 2005; Gałka and Tobolski 2011, 2012) , Latvia (Salmiņa 2003) , and NW Romania (e.g. Valea Mori spring fen, Gałka pers. observation). The presence of a wet climatic phase ca. 1200 cal yr. BP was widely documented in southern Baltic region, N Poland and in N Britain (Charman et al. 2006) and Ireland (Swindles et al. 2013) . At ca. 800 cal yr. BP, in APS we found the highest amount of Chara oospores, which may indicate the wettest phase in the development of Apšuciems Mire (Fig. 6 ). This is because Chara usually occur as a submerged plant (Forsberg 1965) . This high water level in Apšuciems Mire coincides with the beginning of wet phase detected in Estonian peatlands (Fig. 6) .
In comparison to the recent botanical data on Apšuciems Mire, the disappearance of Carex flava agg. (group) in both cores in the last decades is worth emphasizing. Carex flava agg. includes Carex species such as Carex lepidocarpa, Carex flava, C. demissa, and C. viridula, species growing in moist or wet, often calcareous, habitats (Mossberg and Stenberg 2010) , and based on our findings they occurred together with Calliergonella cuspidata. Presently Carex lepidocarpa and Calliergonella cuspidata are common plant species in the base-rich fens of Europe (Jiménez-Alfaro et al. 2013) . Both species are still found in Apšuciems Mire, but their abundance has declined markedly over the last century, probably partly due to the expansion of Myrica gale and Cladium mariscus caused by the abandonment of traditional fen management in the 1950's, namely grazing and hay cutting. Grazing reduces shrub density and creates microniches for less competitive plant species (Middleton et al. 2006) , whereas hay making prevents Cladium mariscus expansion (Meredith 1985) . Cessation of hay making was found to cause the decline of small-sedge communities i.e. changes from Schoenus-Juncetum community to Cladium mariscus dominated community in the United Kingdom (Fojt and Harding 1995) . Another factor, which may have had a negative impact on Carex lepidocarpa and Calliergonella cuspidata abundance is the change in site hydrology. Topographic maps (1877, 1916, and 1963) show an increasing network of ditches in the surrounding landscape as well as dredging of the Lacupite River. These two factors could have a combined effect on plant species assemblages in fen during the last century. A lowering of the water level during the last 150 years as a result of drainage activity is indicated in Apšuciems Mire and the surrounding area by the decrease in Botryococcus and disappearance of Calliergonella cuspidata and Scorpidium (Fig. 6, phase D) . Drier surface conditions are also evidenced by a decline in the abundance of Alnus and Betula, and a corresponding increase in Pinus (Fig. 5A) . Local vegetation sensibility and changes in their structure as a response to lowering of the water level caused by drainage and disturbances in forest structure over the last 150 years has been also documented in Stążki fen and Rzecin poor fen .
Presently Cladium mariscus is a locally dominant species at two sampling sites. The last fire event on the peatland occurred at ca. 1996-1998, which destroyed the tree layer in the bog woodland and burned part of the rich fen. We found macrocharcoal pieces in two cores, proof of local fire activity in the upper peat layer, but there are no changes in plant communities or of Cladium mariscus associated with this event. Our study shows that peat burnings had a minor effect on the Cladium mariscus population in Apšuciems Mire. Our finding is consistent with those of Buczek (2005) , at Bagno Serebryskie, SE Poland (ca. 400 ha), the largest area of Cladium mariscus in this part of Europe, where fire destroyed only the upper part of the plants, allowing the survival and regrowth of the Cladium mariscus culms (Buczek 2005) . Pokorný et al. (2010) also reported that short-term disturbances such as burning had a weak effect on Cladium mariscus populations in the Czech Republic. Studies from the southeastern USA, where Cladium jamaicense occurs, confirm that fire can reduce the stand density greatly or kill large stands of Cladium jamaicense, but it does not destroy Cladium populations (Herndon et al. 1991) . Experiments conducted by Ponzio et al. (2004) also proved that the Cladium jamaicense population in Florida can survive fires.
Conclusions
The high-resolution plant macrofossil and pollen record presented here provides the first long-term reconstruction of local vegetation dynamics changes in a rich fen on the southern-eastern Baltic coast, Latvia. The results from our study improve our understanding of the drivers of rich fen development in dune areas. We show that the development of local vegetation at Apšuciems Mire was primarily related to changes in the climate conditions in this region. However, the role of autogenic vegetation succession cannot be fully excluded. The Apšuciems Mire developed in a depression in the coastal dune area probably after the water level increased ca. 7500 cal yr. BP, linked to Littorina Sea transgression and a moister climatic phase. A dry period between 7000 and ca. 4600-4200 cal yr. BP has slowed the peat accumulation and could be linked to warm and dry climatic conditions of the Holocene thermal maximum. Changes in local vegetation structure over the last 1500 year were caused by palaeohydrological disturbances linked to a combination of climatic changes and human impacts. Drainage of the peatland was conducted during the last 150 years and the consequent lowering of the water level had a negative influence on local vegetation i.e., a decline in Carex flava agg. However, hydrological disturbances during the last millennium have not resulted in major changes in local vegetation in Apšuciems Mire. We also found that plant communities dominated by Cladium mariscus, Schoenoplectus tabernaemontani, and Myrica gale were common in the Apšuciems Mire throughout the last 1000 years and remained common nowadays. This proves that Apšuciems Mire is a close-to-pristine habitat that has hosted rare, presently protected species for hundreds of years. Overall, however, we noticed a more abundant presence of rich fen species during wet periods.
The results of our studies show that palaeoecological methods are reliable tools for the reconstruction of local plant communities`succession in fen. We conclude that it is possible to determine natural reference conditions which can serve later on as the basis for restoration of degraded rich fen habitats.
